Receptors for gamma-aminobutyric acid and voltage-dependent chloride channels as targets for drugs and toxicants.
The function of chloride (Cl-) channel proteins is to regulate the transport of Cl- across membranes. There are two major kinds of Cl- channels: 1) those activated by binding of a transmitter such as gamma-aminobutyric acid (GABA), glycine, or glutamate, and thus are receptors; and 2) those activated by membrane depolarization or by calcium. There are two kinds of GABA receptors: GABAA is the major inhibitory receptor of vertebrate brain and the one that operates a Cl- channel, and the GABAB receptor, which is proposed to regulate cAMP production that is stimulated by other receptors. Except for binding of GABA, these two GABA receptors differ completely in their drug specificities. However, there are many similarities among the GABAA receptor, the glycine receptor, and the voltage-dependent Cl- channel. The two receptors and Cl- channels bind avermectin, whereas bicuculline binds only to mammalian GABAA and glycine receptors, not to the insect brain GABAA receptor. Barbiturates bind to GABAA and voltage-dependent Cl- channels, possibly directly activating them. Benzodiazepines potentiate both the glycine and GABAA receptors. Several insecticides act on the GABAA receptor and voltage-dependent Cl- channel. It is suggested that the GABAA receptor is the primary target for the action of toxaphene and cyclodiene insecticides but a secondary target for lindane and type II pyrethroids. On the other hand, the Cl- channel may be a primary target for avermectin and lindane but a secondary one for cyclodienes. The similarity in certain drug specificities and the operation of Cl- channels suggest a degree of homology between the subunits of GABAA and glycine receptors and the voltage-dependent Cl- channels.